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1 ' DUST FREE PARTICPLAIIE ENZYME FORMDIATIOH 

BACKGRODND OF THE INVENTION 

This invention relates to a procedure for maJcing 
dry and dust free enzyme granules particularly useful 
5 for use with laundry detergents. Vha n»nufacture of 
enzymatic washing and cleaning agents by incorporat- 
ing powdered, highly active enzyme concentrates by 
mixing thea with comiBon cleaning agents is well 
known. The washing agents manufactured in this 

10 manner tend to form enzyme dusts which can cause 

dermatologic damage both to the manufacturer and the 
consumer of the ensyme powder containing washing 
composition. 

Various enzyme formulations and processes for 

15 these preparations have been developed, in an effort 
to alleviate the dusting problem. For example, 
German AS 2' 37 042 discloses a process in which an 
extmdable enzyme containing fonmilation is extruded 
through o die onto the revolving plat© of a sph€ ron- 

20 izing device to form spherical particles of the 
enzyme containing formulations which are optionally 
coated with a material designed to prevent dusting. 
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1 In U.S. Patent No. 4,087,368, there is discXosed 

an enzyme granule, formulation in which roae or 
spheres of an enzyme in admixture with jnagnesium 
alkyl sulfate and ethylene oxide are provided. 
S U.S. Patent No. 4,016,040 discloses a method for 

the preparation of free-flowing sTibstantlally dust 
£xee, sptierlcal enzyme containing beads prepared by 
blending a powdered concentrate of the enzyme trith a 
binder in molten form and spraying droplets of the 

10 blend through a spray nozzle into cool air to solid- 
ify the droplets and form the beads, ' 

In U.S. Patent No. 4,242,219, there is claimed a 
process for the preparation of enzyme containing 
. particles prepared by mixing the dry enzyme with a 

15 hydxophllic organic cohesive material, a building 
agent and a moisture regulating agent and mechaiuL- 
ea3Lly dividing It into particles of the desired size 
and shape Which are then coated with a water repel- 
lent material. 

2Q Another type of granular enzyme formulation is 

desocibed in U.S. Patoni: No. 4,009,07«. This foxmu* 
lation is prepared by mixing the dry enzyme with a 
solid non-viable substance and optionally a cohesive 
orgaitlc material as binder to foza an enzynatically 

25 active core. An enayme slurry containing the cohe- 
sive organic material can be sprayed onto, for 
exan^le, sodium tripolyphosphate in a mixer or an 
enzyme powder can be mixed with the sodium tripoly- 
phosphate and the cohesive organic material sprayed 

30 onto it with subsequent extrusion through a die. The 
enzyme containing granule is sprayed with an agueous 
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1 solution containing a plastic ized organic resin and 
then arieff. 

A process is described in DDB Patent No. 0 151 
598 in «4ilch sodium tripolyphosphate Is spirayed with 
5 an aqueous enzyme solution and agglomerated in a 

cyclone apparatus. The agglonserates are removed from 
the cyclone apparatus while still wet and placed in a 
mechanical blender with a drying detergent formula- 
tion and intensively mixed. 

10- In British Patent No. 1,483,591, there is 
described a process for coating water soluble or 
• water dispersible particles, including enzyme parti- 
cles, Qsin? a fluid bed reactor. Xhis reference 
involves a dust free coating technique for enzyme 

15 particles which have been granulated by other pro- 
cesses such as prilling or spberonizing whereas the 
process of this disclosure applies an active layer of 
enayrae onto an inert core. 

SOMMABY OF THE IMVEICTIOW 

20 The present invention is a method for the 

production of dust free enzyme containing particles. 
The method comprises the steps of: 

a) introducing a particulate, hydratable core 

material into a fluid bed dr^r and maintaining 
2S the core particles suspended in the dryer's 

reaction chamber; 



MS-1379 



X b) providing an aqueous slurry of a water soluble 

or dlsperslble enzyme and applying the enzyme to 
the surface of the core particles by spraying 
the slurry onto them while they are suspended in 

5 the reaction chaaiber to leave residual, dried 

enzyme coated on the core particles in an amount 
sufficient to provide the desired enzyme 
activity! 

c) spraying a solution or dispersion of a macro- ° 
10 molecalarr film-forwing, water soluble or water 

dispersible coating agent onto the enzyme coated 
core material ^Aile it is still suspended in the 
reaction chamber and drying the solvent to leave 
a continuous layer of the film-forming material 
15 on the ensyiaa eoatad oor9 partiel« to provide 

the desired dust free enzyme containing parti- 
cle. 

Also included within the scope of this Invention 
are the enisyme containing particles prepared by this 
20 process . 

DESCRIPTIOH OF THE IMVia»TIOISf 

3%e method of the present invention is carried 
out in a fluid bed dryer. Typically, such devices 
cuBiprise & dryer consisting of a circular pirodiict 
25 chamber that has a porous grid on the bottom and is 
open on the top to be put up against a conical shaped 
expansion chamber of a larger diameter than the 
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1 circular product chamber. In operation, as the 
velocity o£ air passing up through the ehaniber is 
increased, a point is reached where particles resting 
on the porous grid are suspended in the air flow as a 
5 fluid, hence the terms "fluidization" and "fluid bed 
dryer". The particles are lifted by the tipward force 
of the air out of the product chamber into the 
expansion chamber where tlie air expands and the 
upward force per unit of area is reduced. Thia 

10 allows the particles to fall back into the product 
chamber and start the cycle over. 

The initial step in the method involves intro- 
ducing a particulate, hydratable core material into 
the reaction chamber of the fluidized bed reactor and 

■15 suspending the particles therein on a stream of air. 
The core particles are preferably of a highly hydrat- 
able material, i.e. a material which is readily 
dispersible or soluble in water. The core material 
should either disperse (fall apart by failure to 

20 maintain its integrity) or solubilize by going into a 
true solution. Clays (bentonite, kaolin) , 
non-pareils and agglomerated potato starch are 
considered dispersible. Son-pareils are spherical 
particles consisting of a solid core that has been 

25 rounded into a spherical shape by binding layers of 
powder to the core in a rotating spherical container. 
The non-pareils used in the examples which follow 
have a sugar (typically sucrose) crystal core less than 
0,3 m (-50 mesh on the U.S. Standard S^'eve Series) that was 

30 rouT^ed by binding layers of corn starch onto the 
core using sugar as a binder. The sugar used for 
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1 binding was dissolved in water (50% w/w) and sprayed 
onto a mixttire of sugar and com starch while they 
were being rotated in a 167,54 cis (66 inch) Groen Stainless Steel 
Rotating Pan which were then heated to drive off the 

S water. When i:he crystals had been rounded into approximately 
0,85 Bira to 0,Z5 m (-20 mesh to 60 mesti) spheres, tfiey were dried 
and sieved whereupon the >0,8S nn. <0,?5 tm{,-2J» msh +«S i!»sh} 

fractions were -put bac^ into the rotating pan and 
heated. Vhsy Wf?rs then coated with a layer 

10 (approximately 10% vfv) of dextrin from an aqueous 
solution (50% w/w) that was sprayed onto the spheres 
while heating to drive off the water. The finished 
product was again sieved to 0,85 mm to 0,25 ram (-20 inesh +60 mesh). 
San particles CNaCl crystals, Naci rocR salt, waHCOj) are 

XS considered soluble. More particularly, core 
particles can be nen-pareils of a salt crystal, 
starch and a sugar solution or a sugar crystal, 
■ starch and a sugar solution with or without a final 
coat of dextrin or a confectionary glaze. Also 

20 suitable are agglomerated trisodium citrate, pan 
crystallized HaCl flaJtes, bentonlte granules and 
prills, bentonite/kaolin/diatoraaceous earth disk 
pelletisied granules and sodium citrat^ crystals. The 
core particle is of a material which is not dissolved 

25 during the subsequent spraying process and is of a 
particle siste of from 150 to 2,000 microns (100 mesh 
to 10 mesh on the U.S. Standard Sieve Series) in its 
longest dimension. 

Enzymes suitable for use in this method are 

30 those which are soluble or dispersible in an agueous 
B^ia and from which the water can be removed to 
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1 leave a residual layer of enzyme on the surface of 
the core material. Suitable enaywee inoluds, for 
exan^le, proteases (bacterial, fungal, acid, neutral 
or alkaline) , amylases (alpha and beta) and lipases 

5 whose water solutions or dispersions are prepared by 
dispersing or dissolving a precipitated enzyme cake 
in water using vigorous agitation. Typically, the 
enzyme precipitate is dissolved or dispersed at a 
level of 15% to 30* solids ivM of which 100% down 
10 to about 30% Is enzyme with the remaining solids 

eomprlstng metallic salts, binders, plasticizers and 
fragrances. The dispersion, including any optional 
binders, metallic salts, stabilizers or fragrances 
must have a viscosity low enough (typically 10 to 

15 5,000 cps at room temperature) to be pumped and 

atomized for effective spray coating. The enzyme is 
applied to the surface of the core material by 
fluidizing the core particles. in a flow of air 
whereupon a solution containing the enzyme and 

20 optionally other solids is then atomi«ed and sprayed 
Into the fluldlzed bed. The atomized droplets 
contact the surface of the core particles leaving a 
film of the solids adhering to the surface of the 
particles when the water is evaporated. 

25 When sufficient enzyme is applied to the core 

particles to provide the desired enzyme activity, the 
enzyme coated particles, while still suspended in the 
reaction chamber of the fluldlzed bed reactor, are 
coated with a uniform layer of a %fater soluble or 

30 water disperslble, mecro-molecBlajc, film- forming 
coating agent. This Is accomplished in a manner 
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1 siiailftr to that used for application of the enzyme 
eoa-tin?. 3nll:able £iln-£oxiiiing egenl^s include, £or 
exajnple, fatty acid esters / alkoxylated alcohols, 
polyvinyl alcohols, ethoxylated alkylphenols and isore 
5 specifically, polyethylene glycols (MW l,OO0 to 
8,000), linear alcohol alkoxylates (MW 1,450 to 
2,670), polyvinyl pyrrolidone (MW 26,000 to 33,000), 
polymeric nonylphenyl ethoxylatea IHW 1,975 to 4,315) 
ana dinonylph«nyl ethoxylate (svecaise HW 6,900} . Khe 

XQ net result of the process is to provide an enzyme 

coated core particle having a oontiauous layer of the 
film-forming material on its surface to provide the 
desired dust free enzyme containing particle. 

The dust free enzyme particles of the present 

IS invention can be used wherever enzymes are needed in 
an aqneoas system. Thns, they can be used as addi- 
tives to detergent formulations, for remioving gelatin 
coatings on photographic films to aid in silver 
recovery, in the digestion of wastes from food 

20 processing plants for nitrogen recovery, in denture 
cXeansecs for removing protein bound stains and as a 
processing aid in waste water treatment. 

The method of practicing the invention is 
farther Illustrated by the followii^ exaiqples where 

25 all mesb sizes are on the O.S, Standard Sieve Series, 
and the dryer is a oal-Glatt laboratory model fluid 
bed dryer with variable air tasiperatare and flow 
•fcbrough the bed; The device has a IS, 21 cm (6 inch) Wurster 
insert which consists of a container 13.97 cm' (5-1/2") diameter 

30 i>y 16,51 cm (6-l/2")he1sS)t) for the core naterlal that fits 
against the bottcan of the device's expansion chamber. 
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1 The plate on the bottom, of the Wurster has holes in 
it to distribute the air through the bed with the 
holes in the center being of a larger diameter than 
the rest of the holes in the plate. A cylindrical 
5 hollow tube (7cib (2-3/4)inches diameter by 15,?.4 m (5 laches) 
length) called a partition is suspended above these 
larger diameter holes creating a higher air flow up 
through the partition than up around the outside of 
the partition. Th« air flow is adjuBtad basad en the 

10 quantity and density of the core particles so that 
the particles flow up inside the partition into the 
expansion cha^nber then fall back down outside the 
partition into the area with less air flow while the 
bed is kept fluidizing and diying. This difference 

15 in air flow creates a circular upward and downward 
movement of the particles. The spray nozzle Ib 
installed at the bottoRi of the partition pointed 
upwards. This arrangement keeps the atomized liquid 
co-current with the motion of the cores being coated 

20 and results in a smooth coating. The speed of the 

circular flowing motion o£ the cores is adjustable by 
regulating the amount of air going through the 
partition and the amount of air going around the 
outside of the partition. The droplet sise of the 

2$ atomised enzyme solution spray is adjusted by adjust- 
ing the liquid pumping rate and th« a£r pressure for 
atomization. The process can be accelerated by using 
counter current downward spray without aetng the 
Wurster column. 

30 The height of the wurster insert partition is 

adjustable vertically and was adjusted frm 0,64cbi (1/^ inch) 

MS-1379 



.10-' 0193829 

I to 1.9 cm (3/4 fnch) up from the botton plate. When denser 
core materials are used, ap to 3/4 -of the holes 
outside the partition were blocked off to provide a 
higher linear veXooli^y fox tbe air to 11£« Hba 
5 particles up through the Inside of the partition and 
maintain a smooth circulation of material through the 
spraying area. The total air flow was adjusted to 
get a good flow of cores' through the partition and 
keep the bed outside the partition fluidized. Inlet 

10 temperature was adjusted up to a naxinnm o£ TS'C 

»o that the outlet as well particle t«i»£»erature)? 
were below BO'C. Itypical outlet temperatures during 
the coating process were 25 'C to ^O'C. The solids 
level of enzyme slurry sprayed in was 15% to 30% of 

15 the solution (w/w) . Feed rate varied from 5 ml/min. 
to 20 ml/mln. When a more soluble core material was 
used, a lower initial feed rate was essential to coat 
a layer of enzirstes on the core before the feed rate 
was Increased. Atomisation air pressure ranged from 

20 i'O to 1.5 bar. & typical dry weight gain of the 
core material after enzyme coating is 10% to 35% 
depending on the final activity desired. The en%yme 
coated core was further coated with a macro- 
-molecular, film- forming, water soluble or water 

25 dispersible coating agent to seal the enzyme from 
contact with the atmosphere or persons handling the 
particle. After application of the enzyme and 
protective coating, the typical total dry weight gait 
based on the weight of the core material after the 

SO dust free coating is 25t to 55%. 
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1 In the following examples, the core materials 

are either salt or non-pareils. Salt is totally 
soluble and water clear when dissolved and is inex- 
pensive as a core material. Being a solid crystal 
S and not a mnltlctxnpound structure, it is less subject 
to breaking up during the coating process and the 
enzyme slurry can be sprayed at a faster rate. 
However, the salt particles being cubes make them 
more difficult to coat because there is a greater 

10 tendency for poor binding between the film and the 
core. Furthermore, ensyme coated salt crystals are 
more subject to film loss due to attrition from the 
corners of cubes striking the flat surfaces of 
others. This problem can be partially alleviated by 

IS adding binders or plasticizers to the enzyme slurry. 
Suitable materials include carboxymethyl cellulose, 
sodium alginate, collagsn, polyethylene glycol and 
ethoxylated alkylphenols in an amount of from 1 to 
10% (w/w) of t&e total solids in the slurry, in 

20 addition, the flat surfaces provide larger areas of 
contact between particles which can cause agglomera- 
tion thereby inhibiting the flow characteristics of 
the coated salt particles. The non-pareils are 
spherical, can readily be coated with a continuous 

25 film and have less area of contact among particles 
thereby limiting agglomeration. The final spherical 
product has better flow characteristics than the 
cubic salt: based ensyme product. 
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1 EXaMFLS 1 

Laboratory Flnld Bed Spray Coating 
of jU-kallne groteaae 

Eight hundred and eighty-five grams of non- 
5 pareil particles (prepared by spnaying a sugar solution onto 
sugar crystals which were coated with starch foil owed by a final 
coat of dextrin, less than 0,6 m, put greater than 0,25 tnm (-30 +60 

meEh) wer« charged to the Uni-61att device previoasly 
descrlbea and fluidlzed. An aijueoua tuis^pne slorr^r 

10 with 16% dry solid at the detergent alkaline protease 
level of 6S0 DAPU/gm (DAFU Detergent Alkaline 
Protease Unit) was fed into the dryer for coating at 
the rate of S- ml/ninute. A total of 716 g of enayiae 
slurry containing 115 g of enzyme solid was sprayed 

15 onto the particles. 

The enzyme coated particles wece fiirther coated 
' with a nonylphenol ethoxylate having an average 
molecular weight of 4315 marketed linder the trademark 
Inoonol NP-lOO (33ASF-Wyandott Corp.Ji by spraying 120g 

20 of its aepieous solution onto the particles in the 
Uni-datt device. The solution, whicih was 50% v/w, 
contained 60 g of the Iconol HP-IDO and was sprayed 
at a rate of 8 mX/ralsute. iconol HP is a nonionic 
cheiBical compound composed of a nonylphenol hydro- 

25 phobe and a polyoxyethylene group hydrophile all in 
one molecule. The material is represented by the 
structural formula: 
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with X being approxintately 100 in the NP-lOO 
naterial. 

The coated particles were further cosmetically 
5 coated with 260 g of an aqueous solution containing 
82 9 (31. 5« w/w) tit^anitas dioxido and 37 9 {10.4% 
w/w) loonoi NP-lOO at the feed rate of 8 ml /minute. 

A final total of 1116 g dust free particles was 
harvested with a final activity of 390 DAPO/g as 
10 determined by Detergent Alkaline Protease Units 
Procedure, Miles ^laboratories , Inc. QA Procedure 
#HE400.23 available from Miles Laboratories, Inc., 
Enzyme Teehnlosl Service Department, P.O. Sox 932, 
Elkhart, IN 46515. This test resulted in 100% nass 
15 balance yield and 96% of ensyne yield. 

The Uni-<31att operation conditions were as 
follows: 



Air Regulation Flap Level : 

Product Pressure Differential t 
Outlet Air Pressure Differential: 

Atoittization Air Pressure : 

Inlet Air Temperature Setting : 

Outlet Air Temperature Bange t 
6 inch Vurster Insert 
Clearance from Bottom Plate 
Angle setting 



Fully Open 

0.5 Kilo-pascals 

200-2S0 mm Water 

1.5 Bar 

60/64'C and 

50-54''C 

30-40"C 

0,64 cm (1/4 Inch) 
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1 Eaamiig 2 



Laboratory Fluid Bed Spray Coating of Both 
AlKaline gxptease and JMpha-ABtylas» 

In this run, the Unl-Glatt operating conditions 
5 were the same as in Example 1 except that the Wurster 
inssrt was- 1,9 cm (3/4 fnch) from the bottom plate and the 
inlet temperature was in the 70-74°C range. 
One thousand grans of<0,6miB>0,25ma (-30 -^eairesh) non-pare1ls 
(sugar crystala-siigar aoltttioa-sfcareh-dextrin-glase) 

10 was charged to the Uni-GXatt and flaidized. &n 

aqueous enzyme slurry with 19% (w/w) dry solid having 
activity of 643.8 DAPU/g and 252,632 MWO/g (modified 
WoblgetBUth unit per gram) was fed into the dryer for 
coating at the rate of 12 ml/min. K total of 2000 g 

15 of enzyme slurry containing 380 g of enzygte solid was 
used. 

The enzyme coated particles were further coated 
with 146 g of a 50% (w/w) solution containing 73 g of 
polyethylene glycol {Wl 4000) in water at a feed rate 
20 of 12 ml/nla, and an inlet air tenjperature of 

30-54»C. 

A final total of 1453 g of dust free particles 
was harvested with a final activity of 846 DRPV/q and 
339,045 MWEf/g as determined by the Wohlgemuth Alpha- 
2S Amylase Procedure, Miles Laboratories, Inc. Enzyme 
Approved QA Procedure #ME400.03. This test resulted 
in a recovery pf 100% of mass balance yield and a 
97.5% rfttsovery of eneyme activity. 
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1 EaaMPLE 3 

Pilot Scale Flaid Bed Coating 
of Alkaline Protease 

Fifty kilograms of <0,6n!!i) >0,25 on {-30 +60 oesh) HaCI salt 
5 crystals were charged and fluidized in a Glatt fluid 

bed dryer Bodel 6PCG-60 with an 45,72 ciii (18") Wurster insert. 

aqueous enzymft slurry at 613.5 DRPO/g with an 18< dry 

solid content was fed into the dryer for coating at 

the rate of 125 ml/min. for the first 10 minutes, 200 
10 Bl/min. for 110 minutes, 300 ml/min. for 40 minutes, 

and 450 al/min. for 20 minutes for a total of 6.858 

kg enzyme solid from 38.1 kg of slurry. 

The enzyme coated salt crystals were farther 

coated with 20.3 kg of a solution containing €.1 kg 
15 {30% wVw) Iconol MP-lOO in water at the feed rate of 

125 ml/min. for 80 minutes, 167 ml/min. for 30 

minutes, and 227 ml/min. for 22 minutes. 

k final total of 61.1 kg dust free particles 

were harvested with a final activity of 354 DAPU/g. 
20 This experiment resulted in a 99.5% mass balance 

yield ana 72.2% ensyme activity yiald. 

The GPCG-60 fluidized bed dryer is a production 

model fluid bed spray coater very similar in design 

to the Bni-Glatt except that it has a proportionally 
25 taller expansion chamber. It was operated under the 

following conditions: 
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Air Regulation Flap : 
Partition Height ; 

Nozzle Size : 
Inlet Air Temperature » 
Outlet Air Teii5>erature : 
Ang^le Setting : 
Atmiaation Aix Pressure t 
45, 7Z cm (18 fnch) Wurster Insert 



Varies 

2,54 cffl (1 inch) clearance froi? 
bottom plate 
1.8 mm 

70-74«C and 50-54»C 
29-32»C 

4 Bar 



Pilot Scale Fluid Bed Spray Coatin g; 
of AUcaline Protease 



Forty «ad e«v«mt«e» oae-hundredtKs kilogram e£ 
<D,6 mH>.0,25 m (-30 + 60 mesh) non-paren (sugar crystals- sugar 
solution-staroh-dextrin) was charged and fluldisted in 

IS a GPC6-60 with exactly the same setup and operating 
conditions as in Example 3. Enayme slurry at 813.5 
DflPO/g witb 18* dry solia was ted into the dryer for 
coating at the rate of 75 ml/min. for the first 30 
minutes, increased front 75 to 400 ml/min- steadily in 

20 the following 110 minutes and then maintained at that 
rate tor the remaindex of the run. A total of 45.2 
kg of enzyme slurry was used to apply 8.136 kg of 
enzyme solid to the- core particles. 

Vhm easyjiife epatea particles were ^uirthei; coated 

25 with 9.7 kg of a solution containing 2.91 kg (30% 
w/wj Iconol SP-100 in water at the flat feed rate of 
36 ml/min. for 81 minutes. 
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1 The particles were further coated with 11.6 Jcg 

of an aqueous solution containing 3.48 kg '''^''2„ <30% 
w/w) and 1.33 Iconol NP-lOO (12* w/w) at the feed 
rate of 50 to 55 ml/min. for 214 minutes. 

5 A final total of 55.2 kg was harvested with a 

final activity of 646 DAPU/g. This test resulted in 
97. 6« mass yield ana 97% activity yield. 

EXAMPLE S • 

Pilot Scale Fluid Bed Downward Spray ... 
10 Coating of Alkaline Protease 

Xn this experiment a GPCG-5 f luidized bed dryer 
metnufactured by Glatt Air Techniques with a single 
air atomiased Schlicic nozzle, as was the case in the 
previous examiples, located' concentrtcal 1y 36,83 cm (14.5 inches) 

15 high front the bottom of the product bowl was used. 
Core material particles were fluidized by the inlet 
air to a height of 15,24 cm to 30,18 cm (6 to 12 inches) above the 
nozzle which enabled the coated particles to become" dry 
before falling back down onto the product bowl. This 

20 operation mode minimizes particle agglomerization. 

Ten kilograms of salt crystals were charged to 
the product bowl of the fluidized bed reactor and 
fluidized with 70*>C inlet air to a product 
temperature of 45»C, as determined by a probe in the 

2S be3, vhereiApon ensyme slurry was sprayea Into the 
area of fluidized core material. The slurry, which 
contained 16% dry solid with an enzyme activity of 
434.7 DAPD/g, was fed at a steady rate of 190 g/min. 
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1 The product temperature vas consequently maintained 
at- a snenAY range o£ 34~38*uniSex- tbese inflow and 
outflow conditions. 



The enzyme coated particles were further coated 



S with 2.6 kg of an aqueous solution containing 50% 
(w/w) Iconol NP-lOO and 50% water. The solution was 
atOimized at a spray rate of 70 g/min. at SCC inlet 
tanq>erature. Holding the inlet air at 50 "C resulted 
in a product temperature of 37 to 41*C. 
10 A final weigbt of 12.7 kilograms of dust free 

pattlcles was harvested with a final activity of 
305.9 DAPO/g. This test resulted in a 99.7% mass 
balance yield without activity loss. 



Operating Conditions: 



15- hix Kegulation Flaps 



Inlet 100% 
Outlet 38% 



Atomization Air Pressure: 



4 Bar 



Nozzle Size 



1.2 nan 



Angle Setting 

Inlet Air Temperature 



4.0 mm 



70°C and SD'C 



20 Product Temperature 

Air Inlet Filter Pressure 



34-41-C 



Exhaust Air Filter Pressure 



Product Bed Pi^ssure: 



50 mm S^O 
30 mm HjO 
150 mm H^O 
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WHAT IS CIAIMED IS ; 

I 1. A method for the production of dust free 

enzyme containing particles which comprises the steps 
ofj 

a) introducing a particulate, hydratable core 
5 material into a fluid bed dryer and main* 

taining the core particles suspended in the 
dry«r'e raaot;ion chanbor; 

b) providing an aqueous slurry of a water 
soluble or disperaible enzyme and applying 

10 the enzyme to the surface of the core 

particles by spraying the slurry onto them 
while they are suspended in the reaction 
chamber to leave residual, dried enzyme 
coated on the core partlcleo in an amount 

15 sufficient to provide the desired enzyme 

activity; and 

c) spraying a solution or dispersion of a 
nacro-fflolecalar, film- forming, water 
soluble or water dispersible coating agent 

20 onto the enzyme coated core material while 

it ie still Euspendea in th« reaction 
chamber and drying the solvent to leave a 
continuous layer of the film-forming 
material on the enzyme coated core particle 

25 to provide the desired dust free enzyme 

containing particle. 
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2. The method of Claim 1 wherein the core 
raaterfal has a partfcle size of from 150 to 2,000 
microns in its longest dtoenslon. 

3. The method of Claims 1 or 2 wherein the core 
5 particle is clay, a ntfn-pareil, agglomerated potato 

starch, particulate salt, agglomerated trtsodtum 
citrate, pan crystallized HaCl flakes, bentonite 
gimnules or prills, bentoni te/tcaol f n/dtatomsceous 
earth disk pelletized granules or sodium citrate 
10 crystals and the enzyme is protease, an amylase or 
a lipase. 

4. The method of any of the Claims I to 3 
wherein the enzyme slurry contains 15? to 30% solids 
(w/w) of which XOOS to 30% is enzyme and has a vis- 

15 cosity of 10 to 5.000 cps at room temperature. 

5. The method of any of the Claims 1 to 4 
nrheretn the ftlffl-forwfng material ts a fatty acid 
ester, an alkoxylated alcohol, a polyvinyl alcohol, 
or an ethoxylated alkyl phenol, preferably a poly- 

ZO ethylene glycol having a molecular weight of from 
1,000 to 8,000, a linear alcohol alfcoxylate having 
a molecular weight of from 1,450 to Z.670. a poly- 
vinyl pyrrol idone having a molecular 

weight of from 26,000 to 33,000, polymeric 

25 nonylphenyl ethoxylates having a molecular weight 
of from 1,975 to 4,315 or a polymeric dinonyl- 
phenyl ethoxylate having an average molecular weipht 
of 6,900. 
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6. The method of any of the Claims 1 to 5 
wherein there is applied sufficient enzyme and film- 
forming material to provide a total dry weight gain 
of 25% to 55% based on the weioht of the core particles, 

7, An enzyme containing particle which com- 
prises : 

a) a particulate, highly hydra table core which 
is iSO to 2,000 raicrons in Its longest 
distension; 

b) a uniform layer of enzyme around the core 
particle which amounts to 10% to 3S% by 
weight of the weight of the core particle; 
and 

c) a layer of a macro-molecular, film- forming, 
water soluble or dispersible coating agent 
nniforiBly surrounding the enzyme layer 
wherein the weight of the combination of 
enzyme and coating agent is from 25% to 55% 
of the weight of the core particle. 

8. The particle of Claim 7 wherein the enzyme 
leyer contains up to 70% by weight of one or more 
metallic salts, binders, plasticizers or fragrances. 

9. The perticle of Claims 7 or 8 wherein the enziine 
is alkaline protease emd the film-forming material is 
characterized by the formula 

S»19— Q— ° (CH2CH20)^CH2CH20H 

where X ranges from about 40 to 100. 
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10. The partfde of any of the Claim 7 to 9 wherein the cnra 

is a son-pareil having a sugar crystal core enclosed 
±12 layec^s a£ <::ox:a jFtarcIz wliich xs coated with a layer 
Of dextrin. 
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